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FIG. 4

g
i
W
R
che

¥ 'i"'l:l'l._ I -ﬁ'l"'-
ST }! o
i
i

e

!
'll
i
: g e
e H*.Eili:!;f::i‘.ﬁiﬂl'iﬂj1:;@}51_'-@ 3
i gt

-hﬁ" .'. =
10 LR A
Volue L
:::.F-

¥
) e

gt
I )
I i

o
fr

o e .
I""EL

TR
e
P
o
=T s
G
ety

-.-‘q?a__h-_ N =

ll".ihllll‘r
e
305
2 .F{{‘I
- it
e s

ek SR

i

o R T

._ "'.:E:' oL
eIy :'#-' 2
!
;-'-.
I
S

e
iR
o
e

e,

i

ATy,
i
p bt
s
e
T

)
LR}

A

Ao
BN
P
e e

e S
s e
_-F"':l'é‘i':q !!1

el
o i
! L

i

o =, Il l"l"a-'
- e | = e,
B T T o M':""'".;':I-""' .l'-l'?,..-l..': L i
..“.. Y -4_.."‘_:" -' ) g ..- .. 1w, x L -.l T
b e

e

i
.r‘;l.ll.n.lr
gy
i
B
T

"-'I:‘r T

= )

e
ey =

s

d%}
a"'f"-r"'-til:zﬁ:_
0 _":"l'h
) ‘.|.
b

.:iil F ‘lti IIHl‘ ?f.il E C o . i I|'|e'.|: |'||l .,-.-I'h '

R B [ R e s R
f.;-p*!;zlz II!I:"F;;?‘,;C' e bl E ‘rl’ F }tElmxl'?{*:% ';I:ﬁ.'i: ,|': - *-1:;1'1!1, .,l

i

; .:::.."-..'.:I!.;_.

L) = n’ n I-J-'...'-
- .. ‘-!A- g ol ] #i

y
S

e e, e ) ;
.:!;|::_|_-.._‘.=;"-|r e o =
B T e A R

gl

Y mle
R
S

ATl

e

L]

e

L

&

i
I

Sk

T

-
e

% :
ot ; e e
LRI irng

i
e

o
e

A

o

= .a_gﬂ
= m"‘""‘ A
S i

e

A

T
e

o ':-..I' '-:.__"_""'h"";"_
Ay S pal
I

T

-r_& = = i
e
v

|- .-'.:;:él-: : )

o
-l"-nlil;l-'-.r

=
=

iy}

e
SRR
e

=

e

T

e Sy
S
.

B e
SEChaTeen
o

"ru-"'h-.-:.:._

S et o
o ."E-.El-é. T e e
S iR

a _ :

T

o

f—.:m" -
s
e
e

Eoei
o

L
ot
e
S
i
.lllllll
e

e s oo

= n
T AT
ﬁ%ﬂ*. Rl

ll_!.'“_ 'I!h Ll T il e
. L s
o _;.._""-.g;"':“' o
oy
Ty

--'j":i. .

,,;iw#*'*,..
S

e
A

B

fEE e

et 'E.‘i‘
i

Tt
’;5' o '!".::i.ﬁr'

-I’ 2
i

R

I

e,
e

e’
S

T ':-.':'_-F_ﬁ!r"r" A
e : -'-=1' : ]

e
R

e

i

it

; \-Ii::':'l'ﬁ.'lﬁ{;if'ﬁﬁhhiéﬁ '
-I'

"'!-"'r'r’_.-..
. i
x .q.':l::ll! O

e ; i :
ek -. i

'+1.-..-.-h|:j;v

L R SR e
-*-;E*.-. R R T i S ST T i o
-“-:}T-:- = ¥ = i
T "'_ =

el e 2

T e P
b J.Uh;i:!;%tﬁ.ﬂ:b i %{;:
: ; ji Ak

e e
M

Eiry L
R e

1l
L

e

P

it
LS 2 fﬁ?,‘a ! {ﬂ.@, .:L I

i

. : o -I- s A I-Iﬁ" !
e e
i '

;
I "t.\ - e ) Y
e el

5

i)

.

i
i
| oo

e el i R e
AR '-‘53{3 [neres 5‘{3*5.“; ﬁ%*{ i e %f

5
e



US 10,811,183 B2

Sheet 4 of 4

Oct. 20, 2020

U.S. Patent

FIG. 6

i 0 o X Oy it . TR — o e o - = “m’ ", ) - ) " O .
o .._.....-_-....n.-.r..m....h.n-H.m.-.....a.w............_......._.m_.u...._H“...._...._.._._-..Mm“m.....ﬂ..-__n__..n"...m_....-uu.q}.u.._......m_ui_ﬁ.a._.....aaﬂ%ﬂnﬁrﬁi?ﬁtﬂmﬂ%hr{.ﬂnﬂ%{l.&aﬂhﬁlﬁ r..u.._“u"“"ﬂ..ﬂ........i_..;{.u#....._lht..rt... e D i e R e el i R G R
AE e e e o e e e ety .ﬂ....-“..m__um“.w.wr__-h-rm...r— L e e o el o ey e D )
e e L iﬁu\u.biﬂhﬁhﬂ.ﬂﬁﬁmm..ﬁ# _.r..._wu-..n.. = _._w.._._.:..Lwﬁwwmnrlk.}..n!#ﬂ......rrqﬂﬁi..___.n..._-.r.n...__....rn__._..ﬂ:..ﬁ. e e e e e e e T ._.n.._"ehl...,n..-q__ﬂ o
; P o e e ey e D P T . =5 s u..__......__..._._..iFh_.“.Fnﬂa.l.EF.f.lﬂ_Fr{ch ]
o P e R et B P e e £ ; R e i e b L P e o
R e i et T LAt AP e oL e B o, x ; o e At e Rl iyl
- i T il ey i...u.mr-ﬂlu"..u___._ar_.....{...:._. e e ln......l...“..mu_r-_..._._-......-....n.p_-.l....unuh T i n N “_n.m.._..rJ..-..m...u.rT.u!..._.._.....A.i....._u—. c.u_......_....u_..-..n. T in
A0 T = o T R L g T S L P oS e KT T T e ) 0w S e o L, ey ot R e R
T T e e L Ly g e ; S = i ; .. e ol R i e M A e =
.-._|.-r._1 o Iﬁ.r.tdrr.F.F}Lt.-w_..n_.hﬂ.u.. 5 .-..L.._L.m.-.u..-.-r.u_..-..-nl_-_.. 1“1.-.-.-1”..-.. ._...n...-. Loy x . ) i o ...f..__n_ur.-..-rﬂ.hﬂ.?-h..irﬁ"r_..qru-.-l. i, .._ur.l.._u.l.r.r-....-.- ,
e e o e R P i e e S : R Ty e o R C e e e oA
B o e et o~ IR e : iR e L e et
N L R o e T R e i ST . u . TP 1 e el et ._.....Ul.l..n..u..._...._-n.w_..i...— o
- e e e ..._..._.mﬂf....._-......._..q..- e e i L Lo i e xe ; e e o o e
= B B T o o i e e e i e LT - i T o L P et S e g
; :-__—.ﬁ.r..r___-n__ TR .?.mﬂ#tijéﬁf.ﬂbnﬂﬂﬁuhﬁ_ﬂ e . o M o i
P e T R e g L e a e Sl o e e A e e P SERER S T S e e e
—..an.u.__........._..-r-_.J.-..-_.nr......_.q LT e ! ._.....-._m_.“."-.__.”.._...... e e e e e e .-..&....ﬂrrﬂ.........uw_uamﬂ. e ety ; e e e ; R i e e et RS
R T T i A o o TN o T T S ona =) Qe ey T ) - = Y e g
e e 2 e : e e T
xS e T 1nﬂ1h#.i.{hn...ﬂﬁn&.\i.?t{r o e e e R e e e o e —
e e e e o o i S e e e
CERE e e o D e L S S SR R = S T T S T T
T T ﬁ%ﬂhﬂ%%ﬁnﬁrﬁhﬁu o — i 3 .__-m..rur.. _.—_.._-_.._.“.H..m...u.. Ab-n“_--r“ﬂ__ui.h_.h.
R e e : Ao Sy S e e e

CHLL i

a R, ...-nr.rm -!l-_-.-n-u-..! T -
P e L
i e e e o
v o .1&&.- d l-‘l‘.*”‘“-d ; .‘“‘I‘H- y x “'-ﬁ-'m-hrt‘#—.v T : II . ”m
T e

; g Lo
i .ﬁ#ﬁ&*‘gﬁﬁﬁﬂﬂmﬁﬁﬁuﬁ. e e e ﬂﬂ.nl¢
P T 5%..._{;- :.u"w.-_...:_..r..;.......... ..J._-J_...tu..r.ﬂwﬂﬁr............-nm..... T

) -T-...r. e e
T e

ST m ALY X )
e a o ! OO e e T TR R Jeh o e R e e y
n; ) J.-._...._JI y .r-._-.-.. = T .-.rl\...m...l-. -....-_.-T.!.-."“lllnl .-.-.I-_.l-..nrl...- R a o - A o .-_1-% o ol S i
a 0 i ) 1..“: o P - e e W el i a1 L = T e iy e e A ety
s S ) K e e P O S o B e S o :
= s ...q._......_....."u...-m.mT..".._].... .h}hhi..ﬂﬂﬂtﬂrﬂnﬁwﬁ.ﬁmﬁh Hn_ﬂidﬂﬂ.n.ﬂ.“..ml._n h.r.-..“._._...“tnr.ml.. 5 [t e ....__-...F_. .-_...lmlJ..n_..._“?_ _-__-r_.. _.&._*Jﬂd“l%.ﬁ.mni __ﬂ._..ﬂ._...“rr_. .._”t_... S ..-__ S
L L] LI | L L TE 1. LN L] ) il LI ! L 1. L 1. L] ! 1. Tagh AN 1. gl ) 1.
o2 ey T e et e Pt e e e o e g o
; e e e et gl gy " - = : ...._m_..“__.-.-.n........u...qw._.....__.q o e e e M Pra A
= T e e T e s e L o L e > e el o e e e et 32 P e o et e e e e
. Cialy C ) T e iy s |1.nn._-...1.r.-..|-r...-.rrﬁ“ ey, ..-n.‘..__.n._-__-.-..m___-.ﬂ.._.u..-l r o e T u o Lo 1 Ty liiT—.umﬂFu..i‘.l.l.-.....+- .-“"F- Cop ] _-l...r__-.t..n___.-.-.-..-_-ﬁ...m...ﬂu_u.u_. S
; e e A o1 e i L o . z e e el e e e T
7 > g el e el i o T 5 o e m e o e L R e
= T eyl ! L 1.-.._.-l.n__.Lu..._.Jm.1._r.-n| .ﬂ_..u.-n..-..-lu.l oy .-.nr.-_nﬂ-...r.-h-. = . Tl =TT L, X ! Ll tur. iy, SO0 e .-..Il_m_r-._-_ ._mr._-TL. e .-_._u.-. o)
T " Dl e X kT L el oy T o ...-..#—.1.-._1 Y = X o X e T i e e e e e
T e e e e e e Y o

LT .-uuqnu!m.__nr.u11.-1.._|-. i ﬁﬂﬁ%ﬂﬂﬁ# ?Emﬂu s : u._hl.i.‘_n_.-ll....n".iuh.l.r_m_..-.ﬂhnr s

e R e

ity R = v 5 e e, ; e A = 2
o e e z o e e e e e e e e e R A e
S e L T e e e e T L Sne R e S L e e
S e %ﬁhﬂﬂmlgf.ﬁm.aﬁ_ﬂl.rlu.ﬁrfh e e ._-_._lr A TR inw-ui.-...n.. O e - e g T o W i i T Ay T e
- J.H”ut-r..-r.lui .ﬁ. ﬂ.h‘ ﬂm“m"ur--r.ﬂ ..-ﬂll-ﬂ-llﬂu{-.l.ﬂ_-‘ J.l..u“-..r: A 2 -.l.-_.lmﬂl._-nf e lu.-.“ .l%ﬂ.—n-..i ) I Kaln, T T (e - 1) = s i a-.-..-.-_-lanr.!-‘-_ﬂl-.__u.ﬂ.h...ul.-.r_l
iy s R B L e : 2 e e ReEL
L e T e g e ..n....-.._._..ﬂ....._... R e s
R = e e e e e L h A T o T o L
T e et P i — T e P ey e
L g e ) e e B R o e e i e e
o e A s .ubl_.rlLiJ\tLuH—...{rﬂl_..flr L O
e _-.l..i..._-..- ..rﬁ“-. v T “_-...Il.r T ._ul_--“__....m.-_ i T e ||“.u-.r. i ) .
S e R e e e g P : : : Lﬂﬂ.ﬁﬁ Lt
B e e e e e o e S R e S e - R S e S e
o R T ey R m a o S ra  y a Tr Ee e T s ST T SRR
e e e e W a5 ki A e o e = R ki e iR
.r._-.n_u_. Ly ke’ oL L al l-.ln.r-_..lﬂul.-ui.-....-.-_ .L.IlrrT. ih-..n..lhﬁ.n-.-._-.rri L .l..__.l.-_-._u.r.__-..--......_-.rri.-.._“ui L i X Ty ] ] ..l-._.l.-l.i ..r.-.l.-Huh.u..-_-lﬂ-r._r. ol
e O e T T oA e e e - o .. ; e e, e e
e o L o e N o b A R e e ....ﬂ...at.._.hm-..ﬂn:...ﬂﬂl._u-ﬁ- O o ey R
T B B e R o e wea oot b e Ly T : a e e e L P e A e
B e R WS (alm o e e R R L g Tt 1!
e e e Ty o el S b et % e L e iy T i e
e E e o Ko e e AT T e e L B o R e e e AR, Arae e e L i A e
e e R R - O T Mg R AL R W AL ﬁiﬂﬁ.ﬂrﬁﬂnﬂﬁn e i o m el e e e e e e
T i e i e R T s e T — Ll e N T e e e e e e e
et L et e L A e T T T e
ey Lo Pl Ry g i ..u.__..-_..._m-..-._u..._wf......_..._.qk_...(...h. O T e R TR e
e e o e e T e muﬂf.{ﬂ..wr_m_rlftﬁm..-—lhu‘ﬁiq ] o e
e e ey e o e S S e SR e 5
Ee e S SR e
e e e e o T e e AW R T o et
RN e A o e s
oL e e e At e e W Eae_ PR
= e e o e X e e e e o e Cn e
e e e e et e it T
..ur....r:u..u-wnq-_._m.wu#iu-.m.._ﬂrrhnt# .WFM.F..W...EJFW& #ﬂﬁﬂ:&ﬁ#—%rr%”hr e

n " s '’ '’ m v
e i %ﬂﬂﬂﬂfﬁlﬂf et ot kL o 1 et o Fota
e e

e :

i Ty
e % ! -lr_-ﬂu

: i e o et e e e S
Rl .-.-......t.n_-...-_....p_ul_-_.l._.._r. e -__H.."..__._. o L e ...._...._..“u.. .._.-.-_.-..._.t..-u._.“.m.._-. o ...u.._.l.".....r-__.rf_:.. .r_.._..-.f.....n-r.-_ e | _..ﬂ..-.-_-....-.r. e _r.-i-.__.-_._....-r.._.r.

L B e P e
D .n1.luﬂ+_.u_..rm__. ﬁ:ﬁg..-ﬁ.ﬂ. -__mr-....-.w.....l.
L e e

et = i e, yrCe = Ot
o T e N o o o TR L A e e e gy T o o "
H_u.unHmW-u“.h__-f.....:- S e T St R ﬁfﬁ?};ﬂfﬂ%. ..-..w..-r..u;%.”....—...n...ﬁ.—”..”....__...._-: a

o - o o ety ) & u: i

: Ty .lﬂ?%*hﬂr% e e e e  rw  e Te
s iz R P o T e e e
e A T e e e e A o e e 7 S e Pl g e T o R ey N S o o Ly
e P A et e R e e e e m.m..u-..u...........__....._._._......__......_._... R e o e e W A T T AT
e e
; .ﬂﬂﬂfﬂﬂﬁﬁfﬁ%hﬁ%ff? N e e BT A e i A .i.ﬁ%ﬁhi%ﬁ.ﬁﬂ\+ﬁ?#¢x&%ﬁ e ﬁ%ﬂriﬁ%ﬂ oy rAeh iy
] g 11%...&&&?&#.1{*: .H.l.-....-.u.f.ﬂ.f...f. .-....H._......-.: Rl ._..-.....1...-_.-.... i-..._-_._ﬁ......_:...-.._._......_. ..._.._u._.+...._......ﬂ_u....u._..._......_...ﬂ...._ o R L t-......."u_u.“.....q_..__._.......... e e ..-J-.....u E e g e

e 2o e e, R e 5

s = ! xwe fp?}{fﬂnfbfﬁrﬂnhtﬁﬁf? e it (RS e
S ; e = e T e P e o o o L A e e
B L e e e W - e 3 N i 3 S - T B A il : e S e o e R R e O e i
S e e i e s e e e e el e et e e D e e

D e T Gl
e L Lol e gl g o L e e o e e o T e b e e ..u.._u....u....-.._........wul.. et .ﬂ?ﬂfﬁiﬂ.ﬂmﬂﬂhﬂ.ﬁﬁa e e B B o O M L
- ....w...ﬂ-u..-ﬁu_-.-.i._.ﬁnﬂ_. o e e T e a0 o TR b Y A P e e e e R A A e e e S
: o e e L e e
e R T T e L e s Nt e o e, St
e e s it i b B L L g L e o Ly e e o W
.....__ﬂ..ﬁ....w.mv...&._.... N T e L e A i e e R 3 e i il A o B AR o B e B A B TR
R o il o Y R e e A el e TR R e e L MR e oIS e Rl SR G e G
_ e
R A e e ety e A K N A CA Y e Lt T e e R A L e L

;

Ty
ok Wl k"
.w_-muu._.“ur..-“._... i

e e

= - et " = = - P, . L g =,
e e i e T
s e e o P L o . .......f....—...-.-_..-ﬂ.-_-. L .q.1...r.....__...r. .|.....“....nr....._..ﬂ.-._uﬂ...._.._-. L) R e —
et e e e e T e N e o T T Mgy ey TR R iy eat g K
e P g e e e e e e R e S
o L e e ek ma
e W e e T a2~ ot B S S e e A A T
: SN B e e A ey L ey o e L T O e e S
. = D e T L e e e P e A ot Rt
Db EmR T e EE e N e O g ST e W B
e PR = T TR R e T T e T T e RN T e T
T ey 1} -|-llnm.|._l TR nr-_ﬁl"“u-_.-.- : T e o .l.-r-..!._.-1.1. _-r.- .-.__"-r-_u.-.ﬂ .-lr -._h_u-r.“r_-.l _.“-.ﬁr”_-. i _r-.l e
2 . o e ] = o e .ﬂ....-..n_.r..-.._l...p_. ﬁ.ifqriﬁ.qﬁt.“-mlm_.-ﬁ."hﬂluﬂﬁh.-ﬁl.1..j Yo
T T e L S e e e
. RO R TR e e e
' .AH.-“..”I.".-..._““T-J.JJ. o g = .-.-llrlu_.-r-‘ o ﬂ”iﬁl?“.rnﬁummﬂlﬂrfﬂl. .l.-.r-.. H..ﬁ....l-—.u.l”r i
: : e ok e
T U e e

..-.-r.-...-.n—.r
LT il -_.u..-.!.+ g m T 1t ma
= = - T o
; -_.+.."ﬂ_.m_. T iy o
Y i o T T A
AECE -ﬂwﬂfrﬂ.ur..nvﬁrfii!.-:i.hrl.lf. :
AT R e
g e t-_..m_r.“_.-unq“__.H__........h_.nﬁutn. ke ol
T, " L pp——— - T A el e
e T
i g g T g e T — i = . o s
= ] o .-..-_-_1...1|.1.1.-_.-..-.._.-__m_r mala] " 7 = it r} = 7 3 T
e o R e e B
o T T e T R ) e T R N i gy T e
e e R D S e tm_..nwar e
iy s ) X

¥ . T
..-r-.._.._nhnnﬂﬁ.a.ﬂ.l.u.q-.HJf..}. o

S el =l TRl .-.T-.-..-.ﬂ

PR e
{uﬁ....-...ﬂ...n..uun

s T
T B e A s

P e el o R
: R s A

R = -
et e VT L e R
ek T N et A
: T e e e L T W
e el T g gl e Iy "Ll g™y~ e =y
e o L e g l.._.-_-l...m_.!-.._rl.. o
u -_._..r._.-..-....-..-_ﬂ...-.._._-..ri.-.l.-_l_- ]

LA B e LR e

- _-..._._.._r-..._._.-.l-..-._...._.n

A e

T s M Ny et
et .I.ﬁ...._”.__u._..u._n_u..}. -u_..-.“._u.m__#...l,.:.llq._..ni.._u.

=
=

e T T = R gty
e N s S

e = e ol
e et e Dt ]
i .-..1.1_..|1..1...-. L
R R Foe :
e R NI e T T R e e
- e T ﬁ%ﬁﬂ{hﬁin ._....pnqul-n....-..-..._“n.n_.._._.-..u..... s
e e I R T ™ e K g Tl g e i T Iy
Hﬂw..iﬂ%m.ﬂmmﬂ.ﬂ -,_.._.r_..i._.__r......._._a_.......,_.- e e i T L e =

e e T
el ..ﬁ1 gl .r—_un“-rt-._-l.....l.-..t..._n.._.. s n = i

T e T .._..-.__-..-...._..n..lq-mn.... _l....."_.r.-_..rﬂ...._h__““.-.__...— e T ¥ Cuk Ry o e el N T e iy e
e o P e e A e o e T o T8 e e e -0 T T S e

FIG. 7B

(A

FIG
11 42 21 42 11 11 42 21 42 11

/D

FIG.

7C

FIG.
11 42 21

21 42

42

42 11




US 10,811,183 B2

1
COIL COMPONENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims benefit of priority to Japanese
Patent Application No. 2016-228242, filed Nov. 24, 2016,
the entire content of which 1s 1ncorporated herein by refer-
ence.

TECHNICAL FIELD

The present disclosure relates to a coill component and
more particularly to a coil component that includes a mag-
netic body and a coil conductor embedded in the magnetic

body.
BACKGROUND

In recent years, with an increase in the performance and
a decrease 1n the size of electronic equipment, there has been
a demand for smaller electronic components for use 1n
clectronic equipment. Coil components, such as inductors,
are not exceptions and are also being decreased 1n size by
various means.

For example, 1n order to decrease the electrical resistance
ol a lead end of a coil conductor and an external terminal
clectrode, the thickness of a conducting wire has hitherto
been increased to increase the contact area between the lead
end of the coil conductor and the external terminal electrode.
In this method, however, a coll component 1s disadvanta-
geously increased in size in order to achieve the desired
inductance. To address the problem, International Publica-
tion WO 2015/115318 discloses a coil component that
includes a coil conductor embedded 1n a compact formed of
a composite material containing a magnetic material powder
and a resin, wherein a lead end of the coil conductor i1s
obliquely cut to increase the contact area of an external
terminal electrode.

In such a coil component including a magnetic body
formed of a composite material containing a metallic mate-
rial and a resin material, an outer electrode 1s generally
tormed by applying a silver paste containing a thermosetting
resin to the magnetic body by dip coating. In such a method,
however, the resin between silver particles disadvanta-
geously increases the electrical resistance of the outer elec-
trode and decreases product efliciency. Furthermore, the
formation of a thick silver film increases the cost.

To address these problems, an outer electrode can be
formed by direct plating on a magnetic body. A magnetic
body formed of a composite material containing a metallic
material and a resin material has a relatively low specific
resistance, and therefore a wire for a coil conductor 1is
covered, for example, with an msulating resin to ensure
insulation from an inner coil conductor. In the formation of
an outer electrode by plating, as described above, particu-
larly 1n the formation of an outer electrode by barrel plating,
in order to provide the outer electrode with good character-
1stics, 1t 1s needed to ensure electrical continuity between
both end faces of a magnetic body via a coil conductor 1n a
short time after the beginning of plating. More specifically,
a magnetic body should be electrically connected to a coil
conductor 1n a short time over an insulating film surrounding
the coil conductor. A delay in connection may result 1n a
change 1n the surface oxidation state of a magnetic body or
deposition of impurities on a magnetic body, reduce elec-
tricity supply from a medium, cause variations in plating
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2

thickness between coil components, or increase the specific
resistance of an outer electrode.

SUMMARY

Thus, 1t 1s an object of the present disclosure to provide
a coil component that includes a coil conductor embedded 1n
a magnetic body containing a metallic material and a resin
material, wherein the coil component includes an outer
clectrode with good characteristics.

As a result of extensive studies to solve the problems, the
present inventor has arrived at the present disclosure by
finding that, 1n a coil component that includes a coil con-
ductor embedded in a magnetic body containing a metallic
material and a resin material, an outer electrode can be
provided with good characteristics by removing an msulat-
ing film at an end portion of the coil conductor to expose the
coill conductor and thereby ensuring electrical continuity
between the coil conductor and the magnetic body 1n a short
time after the beginning of plating treatment.

According to a first aspect of the present disclosure, there
1s provided a coil component that includes a magnetic body
containing a metallic material and a resin material, a coil
conductor embedded 1n the magnetic body, and a pair of
outer electrodes electrically connected to ends of the coil
conductor. The coil conductor includes an exposed portion at
cach end portion thereof and a covered portion covered with
an 1sulating substance disposed between the exposed por-
tions. The covered portion 1s disposed 1nside a face of the
magnetic body on which the outer electrodes are disposed.

According to a second aspect of the present disclosure,
there 1s provided a method for producing a coil component
that includes a magnetic body containing a metallic material
and a resin material, a coil conductor embedded in the
magnetic body, and a pair of outer electrodes electrically
connected to ends of the coil conductor. The method
includes treating a peripheral portion of the coil conductor
by laser irradiation, the peripheral portion being exposed at
a surface of the magnetic body, and then forming the outer
clectrodes by plating treatment.

The present disclosure can provide a coil component that
includes a magnetic body containing a metallic material and
a resin material, a coil conductor embedded in the magnetic
body, and a pair of outer electrodes electrically connected to
the coil conductor. An end portion of a lead portion of the
coil conductor comes out from an insulating substance film,
and at least part of the exposed portion 1s disposed 1nside the

magnetic body. Thus, the outer electrodes have low resis-
tance and little variation 1n thickness.

Other features, elements, characteristics and advantages
of the present disclosure will become more apparent from
the following detailed description of preferred embodiments
of the present disclosure with reference to the attached
drawings.

BRIEF DESCRIPTION OF TH.

(L]

DRAWINGS

FIG. 1 1s a schematic perspective view of an electronic
component according to an embodiment of the present
disclosure;

FIG. 2 1s a perspective view of the electronic component
illustrated 1n FIG. 1 without outer electrodes and an 1nsu-
lation film;

FIG. 3 1s a schematic cross-sectional view of the body
illustrated 1n FIG. 2 parallel to the LW-surface on the
periphery of the coil conductor;
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FIG. 4 1s a schematic plan view of the periphery of the coil
conductor on an end face;

FIG. 5 1s a SEM 1mage of a laser-irradiated body surface
in an example;

FIG. 6 1s a SEM 1mage of a laser-irradiated body surface
in an example; and

FIGS. 7A to 7D are schematic plan views of the periphery
of the coil conductor after laser irradiation in an example.

DETAILED DESCRIPTION OF EMBODIMENTS

Coi1l components according to embodiments of the present
disclosure will be described in detail below with reference to
the accompanying drawings. However, the shape and
arrangement of each coil component and each constituent
according to the embodiments are not limited to those
illustrated in the drawings.

FIG. 1 1s a schematic perspective view of a coil compo-
nent 1 according to the present embodiment. FIG. 2 1s a
schematic perspective view of a body 6 of the coil compo-
nent 1, exposed without the outer electrodes 31 and 32, and
insulation film 41, as shown in FIG. 1.

As 1llustrated 1 FIGS. 1 and 2, the coil component 1
according to the present disclosure has a generally rectan-
gular parallelepiped shape. Roughly speaking, as as 1llus-
trated specifically in FIG. 2, the coil component 1 includes
a magnetic body 11, a coil conductor 21 embedded 1n the
magnetic body 11, and outer electrodes 31 and 32. The
magnetic body 11 and the coil conductor 21 embedded in the
magnetic body 11 constitute the body 6. The body 6 has a
generally rectangular parallelepiped shape, has two opposite
end faces 15 and 16, and has a first side surface 17, a second
side surface 18, a third side surface 19, and a fourth side
surface 20 between the end faces 15 and 16. The outer
clectrodes 31 and 32, as shown by hatching in FIG. 1, are
disposed on the end faces 15 and 16, respectively, and
extend to a portion of the fourth side surface 20. Thus, the
outer electrodes 31 and 32 have a substantially L-shaped
cross section. One end 22 of the coil conductor 21 1is
clectrically connected to the outer electrode 31, and the other
end 23 1s electrically connected to the outer electrode 32. As
turther shown 1n FIG. 1, an msulation film 41 1s disposed 1n
a region on the side surfaces of the body 6 where no outer
clectrode 1s disposed.

The magnetic body 11 contains a metallic material and a
resin material. Preferably, the magnetic body 11 1s formed of
a composite material of a metallic material and a resin
material.

The resin material may be, but 1s not limited to, an organic
material, such as an epoxy resin, a phenolic resin, a polyester
resin, a polyimide resin, or a polyolefin resin. The resin
materials may be used alone or in combination.

The metallic material may be, but 1s not limited to, 1ron,
cobalt, nickel, or gadolinium, or an alloy containing at least
one thereol. Preterably, the metallic material 1s 1ron or an
iron alloy. The 1ron alloy may be, but 1s not limited to,
Fe—S1, Fe—S1—Cr, or Fe—S1—Al. The metallic maternals
may be used alone or 1n combination. The metallic material
may contain at least one metal selected from palladium,
silver, and copper, as well as the metal described above.

The metallic material 1s preferably a powder, that 1s, a
metal powder. The metal powder may be a crystalline metal
(or alloy) powder or an amorphous metal (or alloy) powder.
The metal powder may be coated with an 1nsulating sub-
stance. The insulating substance on the surface of the metal
powder can increase the specific resistance of the magnetic

body 11.

10

15

20

25

30

35

40

45

50

55

60

65

4

The metallic material content of the magnetic body 11 1s
preferably approximately 50% or more by volume, more
preferably approximately 60% or more by volume, still
more preferably approximately 70% or more by volume. A
metallic material content 1n this range results 1n improved
magnetic characteristics of a coil component according to an
embodiment of the present disclosure. The metallic material
content of the magnetic body 11 is preferably approximately
95% or less by volume, more preferably approximately 90%
or less by volume, still more preferably approximately 87%
or less by volume, still more preferably approximately 85%
or less by volume. A metallic material content 1n this range
results 1n an increased specific resistance of the magnetic
body 11. In one embodiment, the metallic material content
of the magnetic body 11 may preferably range from approxi-
mately 50% to 95% by volume, more preferably approxi-
mately 60% to 90% by volume, still more preferably
approximately 70% to 87% by volume, still more preferably
approximately 70% to 85% by volume.

The metal powder preferably has an average particle size
of approximately 5 um or more, more preferably approxi-
mately 10 um or more. A metal powder having an average
particle size of approximately 5 um or more, particularly
approximately 10 um or more, 1s easy to treat. The metal
powder preferably has an average particle size of approxi-
mately 100 um or less, more preferably approximately 80
um or less. A metal powder having an average particle size
of approximately 100 um or less, particularly approximately
80 um or less, can have a high filling rate and improve the
magnetic characteristics of the magnetic body 11. The term
“average particle size,” as used herein, refers to the average
particle size D30 (the particle size at a cumulative percent-
age of 50% by volume). The average particle size D30 can
be measured with a dynamic light scattering particle size
analyzer (UPA manufactured by Nikkiso Co., Ltd.), for
example. In one embodiment, the metal powder preferably
has an average particle size in the range of approximately 5
to 100 um, more preferably approximately 10 to 80 um.

In one embodiment, the metal powder may contain at least
two, for example, two, three, or four metal powders with
different average particle sizes. The use of metal powders
with different average particle sizes improves the magnetic
characteristics of the magnetic body 11 and improves the
adhesiveness of the outer electrodes 31 and 32 formed by
plating. In one embodiment, the use of an 1ron or 1ron alloy
powder and a metal powder with a smaller average particle
size than the 1ron or iron alloy powder can improve the
magnetic characteristics of the magnetic body 11.

At least part of the metallic material 1s preferably exposed
at the surface of the magnetic body 11. The term “exposed,”
as used herein, refers to being exposed at the surface of the
magnetic body 11 and also being exposed at an interface
with another member. Thus, a metallic material exposed at
the surface of the magnetic body 11 may be covered with
another member, for example, the outer electrodes 31 and 32
or the msulation film 41, as discussed above. In a preferred
embodiment, the ratio of the exposed area of the metallic
material to the surface area of the magnetic body 11 may be
approximately 20% or more, preferably approximately 30%
or more. An increase in the exposed area results 1n an
increase 1n the electrical conductivity of the surface of the
magnetic body 11 and thereby makes plating treatment
casier.

The metallic material, typically a metal powder, prefer-
ably fuses and forms a network structure on the surface of
the magnetic body 11. FIG. 3 1s a schematic cross-sectional
view of the body illustrated in FIG. 2 parallel to the
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LW-surface on the periphery of the coil conductor. FIG. 4 1s
a schematic plan view of the periphery of the coil conductor
21 on the end face 15. In FIG. 4, a metallic material 12 1s
exposed on the resin material 13 and forms a network
structure. The network structure of the metallic matenal
tacilitates electric current supply 1n plating treatment and
increases the plating deposition rate. In a preferred embodi-
ment, the metallic matenal, typically a metal powder, melts
once and fuses. This strengthens the network structure of the
metallic material and makes plating treatment easier. This
can also prevent the metallic material from separating from
the magnetic body 11 by cutting or barreling.

Even when the network structure of the metallic material
1s disposed on the surface of the magnetic body 11, the
magnetic body 11 includes no network structure therein.
Thus, the interior of the magnetic body 11 can have insu-
lating properties and maintain dielectric strength.

In one embodiment, a region on the surface of the
magnetic body 11 adjacent to the coil conductor 21 may be
removed (see the left side of the coil conductor 21 1n FIGS.
7C and 7D, for example). The removal of the region of the
magnetic body 11 adjacent to the coil conductor 21 increases
the space between the magnetic body 11 and the coil
conductor 21, facilitates the infiltration of a medium in
barrel plating, and improves the plating deposition rate.

The coil conductor 21 1s formed by winding a conducting
wire containing an electrically conductive matenial. The
clectrically conductive material may be, but 1s not limaited to,
Au, Ag, Cu, Pd, or N1. Preferably, the electrically conductive
material 1s Cu. The electrically conductive materials may be
used alone or 1n combination.

The shapes of the conducting wire and the coil conductor
21 are not limited to those 1llustrated in the figures and may
be any shapes available for coil components. In the present
embodiment, as illustrated in FIG. 2, the coil conductor 21
1s wound as two layers such that the ends 22 and 23 are
disposed outwardly. Thus, the coil conductor 21 1s formed
by winding a rectangular conducting wire outwardly in
layers. The end 22 of the coil conductor 21 1s exposed at the
end face 15 of the body 6, and the other end 23 of the coil
conductor 21 1s exposed at the other end face 16 of the body
6.

The conducting wire of the coil conductor 21 1s covered
with an 1nsulating film (the insulating film 1s not shown in
FIG. 2). Typically, as illustrated in FIG. 3, an end portion of
a lead portion of the coil conductor 21 to be connected to the
outer electrodes 31 and 32 1s exposed, and the other portion
of the coil conductor 21 1s covered with an insulating film
42. Thus, the coil conductor 21 1s composed of an exposed
portion 24 at each end portion thereof and a covered portion
235 between the exposed portions 24. The conducting wire of
the coil conductor 21 covered with the insulating film 42 can
ensure insulation between the coil conductor 21 and the
magnetic body 11. The exposed end portions of the coil
conductor 21 make plating treatment easier, thus resulting 1n
an outer electrode with little variation 1n thickness. This can
also reduce the resistance of the contact portions between
the coil conductor 21 and the outer electrodes 31 and 32.

The msulating film 42 may be, but 1s not limited to, a film
of a polyurethane resin, a polyester resin, an epoxy resin, or
a polyamideimide resin. The isulating film 42 preferably
has a thickness of approximately 0.5 um or more, more
preferably approximately 1.0 um or more. The insulating
f1lm 42 having a thickness 1n this range can ensure imsulation
between the coil conductor 21 and the magnetic body 11.
The msulating film 42 preferably has a thickness of approxi-
mately 20 um or less, more preferably approximately 10 um
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or less, still more preterably approximately 5.0 um or less.
The mnsulating film 42 with a thickness in this range can
ensure a larger volume of the magnetic body 11 and improve
the magnetic characteristics of the coil component 1. In one
embodiment, the insulating film 42 may have a thickness 1n
the range of approximately 0.5 to 20 um, preferably approxi-
mately 1.0 to 10 um, more preferably approximately 1.0 to
5.0 um.

The average length of the exposed portion 24 at each end
portion 1n the longitudinal direction of the conducting wire
may preferably be approximately 1 um or more, more
preferably approximately 5 um or more, still more prefer-
ably approximately 10 um or more, still more preferably
approximately 20 um or more. An average length of the
exposed portion 24 1n this range can result 1n easier plating
treatment, an 1mproved plating deposition rate, and a
reduced unplated area. This can also result 1n lower resis-
tance of the contact portions between the coil conductor 21
and the outer electrodes 31 and 32. The exposed portion 24
may preferably have an average length of approximately 100
um or less, more preferably approximately 70 um or less,
still more preferably approximately 50 um or less. The
exposed portion 24 with an average length 1n this range can

reduce the area of the contact portions between the coil
conductor 21 and the outer electrodes 31 and 32 within the
magnetic body 11. Considering heat generation 1n the con-
tact portions, a decrease 1n the area of the contact portions
within the magnetic body 11 can reduce heat generation in
the magnetic body 11. In one embodiment, the exposed
portion 24 may have an average length in the range of
approximately 1 to 100 um, preferably approximately 5 to
70 um, more preferably approximately 10 to 350 um, still
more preferably approximately 20 to 50 um.

The phrase “the length of the exposed portion in the
longitudinal direction of the conducting wire,” as used
herein, refers to the length from an end of the conducting
wire 1 one end portion to the msulating film 1n the longi-
tudinal direction of the conducting wire (for example, Z1
and Z2 1 FIG. 3). The phrase “the average length of the
exposed portion 1n the longitudinal direction of the conduct-
ing wire,” as used herein, refers to the average length around
the conducting wire.

The maximum length of the exposed portion 24 at each
end portion 1n the longitudinal direction of the conducting
wire may preferably be approximately 1 um or more, more
preferably approximately 5 um or more, still more prefer-
ably approximately 10 um or more, still more preferably
approximately 20 um or more, for example, approximately
40 um or more. When the exposed portion 24 has a maxi-
mum length 1n this range, plating on the coil conductor 21
can be more quickly coupled to plating on the magnetic body
11 over the insulating film 42 in plating treatment. Thus, the
plating layers at both end portions (the outer electrodes 31
and 32) are electrically connected to each other via the coil
conductor 21, thereby improving the plating deposition rate.
The exposed portion 24 may preferably have a maximum
length of approximately 100 um or less, more preferably
approximately 80 um or less, still more preferably approxi-
mately 60 um or less. In one embodiment, the exposed
portion 24 may preferably have a maximum length in the
range ol approximately 1 to 100 um, more preferably
approximately 5 to 80 um, still more preferably approxi-
mately 10 to 60 um, still more preferably approximately 20
to 60 um, for example, approximately 40 to 60 um. The
phrase “the maximum length of the exposed portion 1n the
longitudinal direction of the conducting wire,” as used
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herein, refers to the length of the longest part of the exposed
portion 1n the longitudinal direction of the conducting wire
around the conducting wire.

The minimum length of the exposed portion 24 at each
end portion 1n the longitudinal direction of the conducting
wire may preferably be approximately more than 0 um, more
preferably approximately 1 um or more, still more prefer-
ably approximately 5 um or more, still more preferably
approximately 10 um or more, particularly preferably
approximately 20 um or more. A minimum length of the
exposed portion 24 in this range results 1n an improved
plating deposition rate. The exposed portion 24 may preil-
erably have a minimum length of approximately 100 um or
less, more preferably approximately 70 um or less, still more
preferably approximately 50 um or less. In one embodiment,
the exposed portion 24 may preferably have a minimum
length of more than approximately O um and approximately
100 um or less, more preferably approximately 1 to 70 um,
still more preferably approximately 5 to 50 um, still more
preferably approximately 10 to 50 um, particularly prefer-
ably approximately 20 to 50 um. The phrase “the minimum
length of the exposed portion in the longitudinal direction of
the conducting wire,” as used herein, refers to the length of
the shortest part of the exposed portion in the longitudinal
direction of the conducting wire around the conducting wire.

The covered portion of the coil conductor 21 1s disposed
inside the faces of the magnetic body 11 on which the outer
clectrodes 31 and 32 are disposed, that 1s, the end faces 15
and 16. In other words, the exposed portions 24 of the coil
conductor 21 extend to the inside of the end faces 15 and 16.

The average depth of each of the exposed portions 24
from the end faces 15 and 16 may preferably be approxi-
mately 1 um or more, more preferably approximately 5 um
or more, still more preferably approximately 8 um or more,
still more preferably approximately 10 um or more, particu-
larly preferably approximately 20 um or more. An average
depth 1n this range can result 1n easier plating treatment, an
improved plating rate, and a reduced unplated area. This can
also reduce the resistance of the contact portions between
the coil conductor 21 and the outer electrodes 31 and 32. The
average depth may preferably be approximately 80 pum or
less, more preferably approximately S0 um or less, still more
preferably approximately 35 um or less. An average depth in
this range can result in improved dissipation of heat gener-
ated 1n the contact portions between the coil conductor 21
and the outer electrodes 31 and 32. In one embodiment, the
average depth may preferably range from approximately 1 to
80 um, more preferably approximately 5 to 50 um, still more
preferably approximately 8 to 35 um, still more preferably
approximately 10 to 35 um, particularly preferably approxi-
mately 20 to 35 um.

The phrase “the depth of the exposed portion from the end
tace,” as used herein, refers to the depth 1n a direction
perpendicular to the end face (for example, Y1 and Y2 in
FIG. 3). The reference position of the end face 1s the average
height of a straight line between an edge of the exposed coil
conductor on the end face and the nearest edge of the end
tace (the contact portions between the end faces 15 and 16
and the first to fourth side surfaces 17 to 20 i FIG. 2)
(except the portion 50 um 1n length from an edge of the coil
conductor). The phrase “the average depth of the exposed
portion from the end face,” as used herein, refers to the
average depth of the exposed portion around the conducting
wire.

The maximum depth of each of the exposed portions 24
from the end faces 15 and 16 may preferably be approxi-
mately 1 um or more, more preferably approximately 5 um
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or more, still more preferably approximately 8 um or more,
still more preferably approximately 10 um or more, particu-
larly preferably approximately 20 um or more. A maximum
depth 1n this range results 1n an 1improved plating rate. The
maximum depth may preferably be approximately 80 um or
less, more preferably approximately 50 um or less, still more
preferably approximately 40 um or less. A maximum depth
in this range can result in less heat generation in the contact
portions between the coil conductor 21 and the outer elec-
trodes 31 and 32. In one embodiment, the maximum depth
may preferably range from approximately 1 to 80 um, more
preferably approximately 5 to 50 um, still more preferably
approximately 8 to 40 um, still more preferably approxi-
mately 10 to 40 um, particularly preferably approximately
20 to 40 um. The phrase “the maximum depth of the exposed
portion from the end face,” as used herein, refers to the depth
of the deepest portion around the conducting wire.

The minimum depth of each of the exposed portions 24
from the end faces 15 and 16 may preferably be more than
approximately 0 um, more preferably approximately 3 um or
more, still more preferably approximately 5 um or more, still
more preferably approximately 7 um or more, still more
preferably approximately 10 um or more. A mimmum depth
in this range results in easier plating treatment and an
improved plating deposition rate. This can also reduce the
resistance of the contact portions between the coil conductor
21 and the outer electrodes 31 and 32. The minimum depth
may preferably be approximately 80 um or less, more
preferably approximately S0 um or less, still more preferably
approximately 30 um or less. A minimum depth 1n this range
can result 1n 1improved dissipation of heat generated 1n the
contact portions between the coil conductor 21 and the outer
electrodes 31 and 32. In one embodiment, the minimum
depth may preferably be more than approximately O um and
approximately 80 um or less, more preferably approximately
3 to 350 um, still more preferably approximately 5 to 30 um,
still more preferably approximately 7 to 30 um, particularly
preferably approximately 10 to 30 um. The phrase “the
minimum depth of the exposed portion from the end face,”
as used herein, refers to the depth of the shallowest portion
around the conducting wire.

The cross sections of the ends 22 and 23 of the coil
conductor 21 are preferably flush with or disposed outside
the faces of the magnetic body 11 on which the outer
clectrodes 31 and 32 are disposed, that 1s, the end faces 15
and 16. More preferably, the cross sections of the ends 22
and 23 of the coil conductor 21 are disposed outside the
faces of the magnetic body 11 on which the outer electrodes
31 and 32 are disposed. In other words, the ends 22 and 23
of the coil conductor 21 protrude from the end faces 15 and
16.

The average protrusion height of each of the ends of the
coll conductor 21 from the end faces 15 and 16 may
preferably be approximately O um or more, more preferably
approximately 1 um or more, still more preferably approxi-
mately 5 um or more, still more pretferably approximately 10
um or more, for example, approximately 15 um or more. For
an average protrusion height in this range, the contact
portions between the coil conductor 21 and the outer elec-
trodes 31 and 32 can be disposed outside the body. Thus,
heat generated 1n the contact portions can be more easily
dissipated. This also improves the plating deposition rate.
The average protrusion height may preferably be approxi-
mately 80 um or less, more preferably approximately 50 um
or less, still more preferably approximately 30 um or less,
still more preferably approximately 20 um or less. For an
average protrusion height 1n this range, the outer electrodes
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31 and 32 can be more easily flattened. In one embodiment,
the average protrusion height may preferably range from
approximately O to 80 um, more preferably approximately 1
to 50 um, still more preferably approximately 5 to 30 um,
still more preferably approximately 10 to 20 um, for
example, approximately 15 to 20 um.

The phrase “the protrusion height of the end of the coil
conductor from the end face,” as used herein, refers to the
protrusion height 1n a direction perpendicular to the end face
(for example, X1 and X2 1n FIG. 3). The reference position
of the end face 1s defined 1n the same manner as 1n the depth
of the exposed portion from the end face. The phrase “the
average protrusion height of the end of the coil conductor
from the end face,” as used herein, refers to the average
protrusion height around the conducting wire.

The maximum protrusion height of each of the ends of the
coll conductor 21 from the end faces 15 and 16 may
preferably be approximately 1 um or more, more preferably
approximately 5 um or more, still more preferably approxi-
mately 10 um or more, for example, approximately 15 um or
more. A maximum protrusion height 1n this range results in
improved heat dissipation and an improved plating deposi-
tion rate. The maximum protrusion height may preferably be
approximately 80 um or less, more preferably approximately
50 um or less, still more preferably approximately 30 um or
less, still more preferably approximately 20 um or less. For
a maximum protrusion height in this range, the outer elec-
trodes 31 and 32 can be more easily flattened. In one
embodiment, the maximum protrusion height may prefer-
ably range from approximately 1 to 80 um, more preferably
approximately 5 to 30 um, still more preferably approxi-
mately 10 to 30 um, for example, approximately 15 to 20
um. The phrase “the maximum protrusion height of the end
of the coil conductor from the end face,” as used herein,
refers to the height of the highest portion around the con-
ducting wire.

The minimum protrusion height of each of the ends of the
coll conductor 21 from the end faces 15 and 16 may
preferably be more than approximately 0 um, more prefer-
ably approximately 1 um or more, still more preferably
approximately 3 um or more, still more preferably approxi-
mately 5 um or more, particularly preferably approximately
7 um or more, particularly more preferably approximately
10 um or more. A minimum protrusion height in this range
results 1n an improved plating deposition rate. The minimum
protrusion height may preferably be approximately 60 um or
less, more preferably approximately 40 um or less, still more
preferably approximately 30 um or less, still more preferably
approximately 20 um or less. In one embodiment, the
mimmum protrusion height may preferably be more than
approximately O um and approximately 60 um or less, more
preferably approximately 1 to 40 um, still more preferably
approximately 3 to 30 um, still more preferably approxi-
mately 5 to 20 um, particularly preferably approximately 7
to 20 um, particularly more preferably approximately 10 to
20 um. The phrase “the minimum protrusion height of the
end of the coil conductor from the end face,” as used herein,
refers to the height of the lowest portion around the con-
ducting wire.

In one embodiment, the coil conductor 21 may have a
round end portion (see FIG. 7D). The coil conductor 21 with
a round end portion increases the space between the mag-
netic body 11 and the coil conductor 21, facilitates the
infiltration of a medium 1n barrel plating, and improves the
plating deposition rate.

In the present embodiment, the coil conductor 21 has
oblique ends 22 and 23. In other words, the angle of each
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cross section of the ends 22 and 23 of the coil conductor 21
to the central axis of the conducting wire of the coil
conductor 21 1s less than approximately 90 degrees. The
phrase “the angle of the cross section of the end of the coil
conductor to the central axis of the conducting wire of the
coil conductor,” as used herein, refers to the minimum angle
between the cross section and the central axis.

The angle 1s preferably approximately 30 degrees or
more, more preferably approximately 40 degrees or more,
still more preferably approximately 50 degrees or more. The
angle can be increased to reduce the area behind the coil
conductor 21 during the removal of the insulating film 42
from the conducting wire by laser irradiation, thus making
the removal easier. The angle 1s preferably approximately 80
degrees or less, more preferably approximately 70 degrees

or less, still more preferably approximately 60 degrees or
less. The angle can be decreased to increase the cross-
sectional area at each end of the coil conductor 21, thus
making plating easier and reducing the unplated area. This
can also 1ncrease the contact areas between the coil conduc-
tor 21 and the outer electrodes 31 and 32 and decrease
resistance 1n the contact portions. In one embodiment, the
angle preferably ranges from approximately 30 to 80
degrees, more preferably approximately 40 to 70 degrees,
still more preferably approximately 50 to 60 degrees. In the
present disclosure, the coil conductor does not necessarily
have an oblique end and may have a cross section perpen-
dicular to the central axis.

For the coil conductor 21 with an oblique end, 1n a section
of the coil component 1 in the longitudinal direction of the
conducting wire of the coil conductor 21 (for example, a
section parallel to the LW-surface in FIG. 2), the angle
between a surface (outer surface) of the magnetic body 11
and the coil conductor 21 of the magnetic body 11 (for
example, the angles o and p 1n FIG. 3) varies from an obtuse
angle to an acute angle depending on the section. Preferably,
the magnetic body 11 1s more easily removed 1n a region
with an acute angle (for example, the angle ¢ 1n FIG. 3) than
in a region with an obtuse angle (for example, the angle 3
in FIG. 3) on the surface of the magnetic body 11 adjacent
to the coil conductor 21. Preferably, the coil conductor 21
has a more round end portion 1n the region with an acute
angle than in the region with an obtuse angle.

The outer electrodes 31 and 32 are disposed on the outer
surface of the body 6. Preferably, the outer electrodes 31 and
32 are formed by plating treatment. The outer electrodes 31
and 32 may be monolayer or multilayer. The outer electrodes
31 and 32 are formed of an electrically conductive matenal,
preferably at least one metallic material selected from Au,
Ag, Pd, N1, and Cu.

In the present embodiment, the outer electrodes 31 and 32
are disposed on the end faces 15 and 16, respectively, and
extend to a portion of the fourth side surface 20. The outer
clectrode 31 1s electrically connected to the end 22 of the
coil conductor 21, and the outer electrode 32 1s electrically
connected to the end 23 of the coil conductor 21. The outer
clectrodes 31 and 32 may have any thickness, for example,
in the range of approximately 1 to 20 um, preferably
approximately 5 to 10 um.

In the present embodiment, the insulation film 41 1s
disposed 1n a region on the outer surface of the body 6 where
the outer electrodes 31 and 32 are not disposed. The 1nsu-
lation film 41 may be formed of an insulating resin matenal,
such as an acrylic resin, an epoxy resin, or polyimide. In the
present disclosure, an insulation film 1s not essential and
may be omitted.
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A method for producing the coil component 1 will be
described below.

The body 6 1s produced. The body 6 can be produced by

placing the coil conductor 21 1n the magnetic body 11. For
example, the body 6 can be produced as described below.

The coi1l conductors 21 are placed 1n a mold. A sheet of a
composite material containing a metallic material and a resin
material 1s then placed on the coil conductors 21 and 1s
subjected to first press forming. At least part of the coil
conductors 21 1s embedded 1n the sheet by the first press
forming. The coil conductors 21 are filled with the compos-
ite material.

The sheet including the coil conductors 21 after the first
press forming 1s removed from the mold. Another sheet 1s
then placed on a bare surface of the coil conductors 21 and
1s subjected to secondary pressing. Thus, a coil assembly
substrate including the bodies 6 1s produced. The two sheets
are integrated by the secondary pressing and constitute the
magnetic body 11 of the coil component 1.

The coil assembly substrate formed by the secondary
press forming was divided into the bodies 6. The ends 22 and
23 of the coil conductor 21 are exposed at the opposite end
taces 15 and 16 of each of the bodies 6.

The coil assembly substrate can be divided into the bodies
6 with a dicing blade, a laser apparatus, a dicer, a cutting
tool, or a mold. In a preferred embodiment, the cut surfaces
of the bodies 6 are subjected to barrel polishing.

A method for producing the body 6 of the coi1l component
1 according to an embodiment of the present disclosure has
been described. However, the body 6 can be produced not
only by this method but also by any method by which a body
including a coil conductor 1n a magnetic body can be
produced. For example, a coil conductor paste and a metal
powder paste are repeatedly applied by screen printing to
form a block, and the block 1s divided 1nto pieces and fired.
Alternatively, a coil conductor may be embedded in a core
ol a composite material.

The outer electrodes 31 and 32 are then formed by plating
treatment, preferably electroplating treatment, on the end
faces 15 and 16 at which the ends 22 and 23 of the coil
conductor 21 are exposed. The ends 22 and 23 of the coil
conductor 21 are electrically connected to the outer elec-
trodes 31 and 32, respectively. Thus, a coil component
according to an embodiment of the present disclosure is
produced.

A plating treatment will be described in detail below.

The insulation film 41 1s formed on the outer surface of
the body 6. A portion of the isulation film 41 in the regions
on the outer surface of the body 6 in which the outer
clectrodes 31 and 32 are to be formed 1s then removed.
Methods for forming and removing the insulation film 41
can be known methods. For example, the msulation film 41
can be formed by spraying or dipping.

A peripheral portion of the coil conductor 21 exposed at
the surface of the magnetic body 11 1s then irradiated with
a laser beam. Thus, the mnsulating film 42 1s removed from
the end portions of the coil conductor 21 to form the exposed
portions 24 extending to the inside of the end faces 15 and
16 of the magnetic body 11.

Thus, the present disclosure also provides a method for
producing a coil component that includes a magnetic body
contaiming a metallic material and a resin matenal, a coil
conductor embedded 1n the magnetic body, and a pair of
outer electrodes electrically connected to ends of the coil
conductor. The method includes treating a peripheral portion
of the coil conductor by laser irradiation, the peripheral
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portion being exposed at a surface of the magnetic body, and
then forming the outer electrodes by plating treatment.

In a preferred embodiment, laser irradiation 1s performed
in the entire region of the outer surface of the body 6 1n
which the outer electrodes 31 and 32 are to be formed. The
insulation film 41 1n the regions of the outer surface of the
body 6 in which the outer electrodes 31 and 32 are to be
formed may be simultaneously removed by the 1rradiation.

At least part of the resin material of the magnetic body 11
1s removed from the laser-irradiated surface of the magnetic
body 11, and at least part of the metallic material (typically
a metal powder) can fuse. Thus, the metallic material can
form a network structure on the surface of the magnetic body
11. The intensity of laser 1irradiation can be controlled to melt
and fuse the metallic material (typically a metal powder) on
the surface of the magnetic body 11.

Even when the metallic material forms a network struc-
ture on the surface of the magnetic body 11 by laser
irradiation, no network structure 1s formed within the mag-
netic body 11. Thus, the interior of the magnetic body 11 can
have isulating properties and maintain dielectric strength.

The laser-rradiated surface of the magnetic body 11, from
which the resin material and the metallic matenial are
removed, may be depressed by laser irradiation. Thus, the
ends 22 and 23 of the coil conductor 21 may protrude from
the surface of the magnetic body 11.

In a preferred embodiment, a region on the surface of the
magnetic body 11 adjacent to the coil conductor 21 may be
removed by laser irradiation. The coil conductor 21 may
have a round end portion due to laser irradiation.

The laser wavelength 1n the laser irradiation ranges from
approximately 180 to 3000 nm, for example. The laser
wavelength preferably ranges from approximately 332 to
1064 nm. Laser 1irradiation with a laser wavelength 1n this
range can remove an insulating film from a coil conductor
with less damage to a body and thereby increase the plating
rate. The laser wavelength 1s determined in consideration of
damage to a body and a reduction 1n processing time. The
laser radiation energy 1s preferably approximately 0.20
J/mm* or more, more preferably approximately 0.35 J/mm~
or more, still more preferably approximately 0.45 J/mm~ or
more, still more preferably approximately 0.50 J/mm® or
more, for example, approximately 0.60 J/mm~ or more.
Laser radiation energy 1n this range results 1n more eflicient
removal ol an insulating film and a resin material of a
magnetic body and better formation of a network structure
of a metallic material of a magnetic body. The laser radiation
energy may preferably be approximately 3.0 J/mm” or less,
more preferably approximately 2.0 J/mm? or less, still more
preferably approximately 1.5 J/mm~ or less, for example,
approximately 1.0 J/mm” or less. Laser radiation energy in
this range can have less damage to a body. In one embodi-
ment, the laser radiation energy may preferably range from
approximately 0.20 to 3.0 J/mm?, more preferably approxi-
mately 0.35 to 2.0 J/mm?>, still more preferably approxi-
mately 0.45 to 1.5 J/mm?, still more preferably approxi-
mately 0.50 to 1.0 J/mm®, particularly preferably
approximately 0.60 to 1.0 J/mm”.

In one embodiment, the surfaces to be irradiated with a
laser beam are the end faces 15 and 16 of the body 6 on
which the insulation film 41 1s formed, a portion of the
fourth side surface 20 adjacent to the end face 15, and a
portion of the fourth side surface 20 adjacent to the end face
16. The insulation film 41 1s removed from the laser-
irradiated regions. The msulating film 42 at the end portions
of the coil conductor 21 1s also removed. The resin material
on the surface of the magnetic body 11 may be removed
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from the laser-irradiated surface, thereby exposing the
metallic material. The insulation film 41, the resin material

on the surface of the magnetic body 11, and the insulating
f1lm 42 at the ends of the coil conductor 21 may be removed
by laser 1rradiation.

The outer electrodes 31 and 32 (plating layers) are then
formed by plating on the laser-irradiated surface of the body
6. More specifically, the outer electrode 31 1s continuously
formed on the end face 15 and a portion of the fourth side
surface 20 adjacent to the end face 15, and the outer
clectrode 32 1s continuously formed on the end face 16 and
a portion of the fourth side surface 20 adjacent to the end
face 16.

In the plating treatment of the body 6, a plating layer 1s
deposited on the exposed metallic material and the exposed
portions of the coil conductor 21 and gradually cover the
entire laser-irradiated surface, thereby forming the substan-
tially L-shaped outer electrodes 31 and 32. A plating catalyst
may be applied to the laser-irradiated surface of the body 6
betfore plating treatment to form a plating film. The plating
catalyst 1s a metal that improves the deposition rate of a
plating layer, for example, a metal solution or a nanoscale
metal powder or metal complex.

The plating metal may be of any type, for example, Au,
Ag, Pd, N1, or Cu, preferably Pd, Ag, or Cu. In the case
where the outer electrodes 31 and 32 are multilayer, for
example, a Ni plating layer and a Sn plating layer are
preferably formed on the plating layer. The plating method
1s preferably, but not limited to, barrel plating.

In the present disclosure, no msulating film 1s disposed
between the magnetic body 11 and the coil conductor 21 in
the surface portion of the body 6. Thus, the magnetic body
11 1s electrically connected to the coil conductor 21 via the
plating layer in a short time after the beginning of plating
treatment. Thus, the plating layers on the end faces 15 and
16 of the body 6 are electrically connected to each other via
the coil conductor 21. This improves the plating deposition
rate and reduces variations 1n plating deposition rate on the
end faces 15 and 16. In particular, at least part of the metallic
material in the plating portion that fuses to form a network
structure facilitates electric current supply and improves the
deposition rate of the plating layer.

Although the coil components and the methods for pro-
ducing the coil components according to the embodiments
of the present disclosure are described above, the present
disclosure 1s not limited to these embodiments, and these
embodiments may be modified without departing from the
g1st of the present disclosure. For example, although the coil
conductor 21 of the coil component 1 1s disposed such that
the central axis of the coil conductor 21 1s perpendicular to
the end faces 15 and 16, the coil conductor 21 of the coil
component 1 may be disposed such that the central axis of
the coil conductor 21 1s parallel to the end faces 15 and 16.

A portion on the end face 15 of the outer electrode 31 and
a portion on the end face 16 of the outer electrode 32 may
be covered with the 1mnsulation film 41, and only portions of
the outer electrodes 31 and 32 on the fourth side surface 20
may be exposed. Thus, the substantially L-shaped outer
clectrodes 31 and 32 may be outer electrodes on one surface
(bottom electrodes).

EXAMPLES

Fe—=S1 was prepared as a metal powder, and a composite
sheet contaiming an epoxy resin was prepared as a resin
material. a-coilled conductors (coil conductors formed by
winding a rectangular conducting wire outwardly 1 two
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layers) made of copper were prepared. Each of the a-coiled
conductors was covered with a polyurethane resin serving as
an 1nsulating materal.

The a-coiled conductors were then placed on a mold. The
composite sheet was placed on the a-coiled conductors and
was pressed for approximately 30 minutes at a pressure of

approximately 5 MPa and at a temperature of approximately
150° C.

The composite sheet combined with the coil conductors
was then removed from the mold. Another composite sheet
was placed on the surface at which the coil conductors were
exposed, and was pressed for approximately 30 minutes at
a pressure of approximately 5 MPa and at a temperature of
approximately 150° C. to form a coil assembly substrate
including the coil conductors.

The coil assembly substrate was divided into bodies with
a dicing blade. The bodies were subjected to barrel polish-
ing. The ends of the coil conductors were exposed at the
opposite side surfaces (end faces) of the bodies.

The areas of the body in which outer electrodes were to
be formed were then 1rradiated with a laser beam. The laser
was a Y VO, laser (wavelength: approximately 532 nm), and
the radiation energy was approximately 0.25, 0.36, 0.46,
0.56, or 0.68 J/mm=. After laser irradiation, observations of
the rradiated surface with a scanning electron microscope
(SEM) showed that the insulating layer on the surface of the
body was removed, and the metal powder was exposed on
the resin material, melted, and fused to form a network
structure. FIG. 5 (approximately 0.25 J/mm?®) and FIG. 6
(approximately 0.68 J/mm~) show laser-irradiated body sur-
faces.

Cu plating was then performed for approximately 180
minutes with a barrel electroplating apparatus at a current
value of approximately 15 A and at a temperature of approxi-
mately 55° C. to form outer electrodes on the laser-irradiated
surfaces. Thus, a coil component according to an embodi-
ment of the present disclosure was produced.

Evaluation

Cross-Sectional Shape of Periphery of Conductor

The coil components thus produced were stood such that
the LW-surfaces were exposed, and were enclosed with a
resin. The LW-surfaces were polished with a polisher up to
almost the center of an end of the coil conductor. The
cross-sectional shape of the periphery of the conductor was
observed with the scanning electron microscope. As 1llus-
trated 1n FI1G. 3, the protrusion height X1 from the end face
and the depth Y1 of the exposed portion from the end face
were measured on the side on which the angle between the
surface (outer surface) of the magnetic body and the coil
conductor was an acute angle (on the angle o side 1n FIG.
3). Likewise, the protrusion height X2 from the end face and
the depth Y2 of the exposed portion from the end face were
measured on the side on which the angle between the surface
of the magnetic body and the coil conductor was an obtuse
angle (the angle 3 side in FIG. 3). Table 1 lists the average
values of ten of the coil components for each radiation
energy. The sample number 1 1s a comparative example.

TABLE 1
Radiation
energy X1 Y1 X2 Y2
Sample No. (J/mm?) (um)  (um)  (um)  (um)
*1 0 0 0 0 0
2 0.25 0 6 0 3
3 0.36 0 9 0 5
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TABLE 1-continued
Radiation
energy X1 Y1 X2 Y2
Sample No. (J/mm?) (um)  (um)  (um)  (um)
4 0.46 5 10 3 7
5 0.56 10 20 6 11
6 0.68 15 30 9 15

Table 1 shows that in the sample number 1 (no laser
irradiation) the isulating film was not removed, and the
insulating film and the end of the coil conductor had the
same height (FIG. 7A). In the Sample numbers 2 and 3
(approximately 0.25 and 0.36 J/mm?), although the insulat-
ing film was removed at the end portion of the coil conduc-
tor, thereby forming an exposed portion, the end face of the
magnetic body and the end of the coil conductor had the
same height (FIG. 7B). In the sample number 4 (approxi-
mately 0.46 J/mm?), the insulating film was removed at the
end portion of the coil conductor, thereby forming an
exposed portion, and the end of the coil conductor was

higher than the end face of the magnetic body (FIG. 7C). In
the sample numbers 5 and 6, the coil conductor had a round

end (FIG. 7D).

Deposition of Plating
For each radiation energy, the appearances of 100 of the

coil components were checked for deposition of plating. The
number of components with an unplated area of 50% or
more of the laser-irradiated region was counted as
“unplated.” Table 2 shows the results.

Deposition Rate (Plating Deposition Rate)

The cross sections of the coil components were polished,
and the thicknesses were measured at five points with a
fluorescent X-ray film thickness gauge (SFT3500 manufac-
tured by Seiko Instruments Inc.). The average of the thick-
nesses was divided by the plating time to calculate the
deposition rate. Table 2 lists the average values of ten of the
coil components for each radiation energy.

TABLE 2
Radiation Plating Number of
energy thickness  Deposition rate  unplated
Sample No. (J/mm?) (m) (um) components
*1 0 0.3 0.2 x 1072 100/100
2 0.25 6.2 3.4 x 1072 50/100
3 0.36 8.6 4.8 x 1072 10/100
4 0.46 9.9 55 % 1077 0/100
5 0.56 10.4 5.8 x 1072 0/100
6 0.68 10.7 59 % 1072 0/100

As 1s clear from Table 2, 1n the sample number 1 with no
laser wrradiation, all the coil components were unplated. By
contrast, the number of unplated coil components decreased
in the sample numbers 1 to 6 with laser irradiation. In
particular, plating was good 1n all the coil components of the
sample numbers 4 to 6. In particular, the deposition rate was
also good 1n the sample numbers 5 and 6.

A coil component according to an embodiment of the
present disclosure can be widely used as an inductor or
another device 1 various applications.

While preferred embodiments of the disclosure have been
described above, 1t 1s to be understood that variations and
modifications will be apparent to those skilled 1in the art
without departing from the scope and spirit of the disclosure.
The scope of the disclosure, therefore, 1s to be determined
solely by the following claims.
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What 1s claimed 1s:

1. A coil component comprising:

a magnetic body containing a metallic material and a resin
material;

5 a coi1l conductor embedded 1n the magnetic body, the coil

conductor including

an exposed portion at each of a plurality of ends of the
coil conductor, a surface of the exposed portion
being arranged to annularly surround a central axis
of a conducting wire of the coil conductor, and

a covered portion covered with an 1nsulating substance
disposed between the exposed portions; and

a pair of outer electrodes, each electrically connected to a

respective one of the ends of the coil conductor,

the covered portion being disposed 1nside of the magnetic

body at locations which are inward of respective faces
of the magnetic body on which the outer electrodes are
disposed.

2. The co1l component according to claim 1, wherein the
ends of the coi1l conductor protrude outwardly from the faces
of the magnetic body on which the outer electrodes are
disposed.

3. The coi1l component according to claim 1, wherein

the surface of at least one of the ends of the coil conductor

has an angle of less than approximately 90 degrees to
the central axis of a conducting wire of the coil con-
ductor;

the exposed portion at the at least one of the ends has an

average depth 1n a range of approximately 1 to 80 um
from one of faces of the magnetic body; and

an average protrusion height at which the at least one of

the ends protrudes outwardly from the one of the faces
1s 1n a range of approximately 0 to 80 um.

4. The coi1l component according to claim 1, wherein the
metallic material forms a network structure on the faces of
the magnetic body on which the outer electrodes are dis-
posed.

5. The co1l component according to claim 1, wherein the
faces of the magnetic body on which the outer electrodes are
disposed are treated by laser irradiation.

6. The coi1l component according to claim 1, wherein the
outer electrodes are monolayer or multilayer plating layers.

7. A coil component comprising:

a magnetic body containing a metallic material and a resin

material;

a coil conductor embedded 1n the magnetic body, the coil

conductor including

an exposed portion at each of a plurality of ends of the
coil conductor, and

a covered portion covered with an mnsulating substance
disposed between the exposed portions; and

a pair ol outer electrodes, each electrically connected to a

respective one of the ends of the coil conductor,

the covered portion being disposed 1nside of the magnetic

body at locations which are inward of respective faces
of the magnetic body on which the outer electrodes are
disposed,

wherein at least one of the ends of the coil conductor

protrudes outwardly from one of the faces of the
magnetic body at a first protrusion height from the one
of the faces as measured at a first edge of the at least
one ol the ends that extends at an acute angle with
respect to the one of the faces, and at a second
protrusion height, different from the first protrusion
height, from the one of the faces as measured at a
second edge of the at least one of the ends that extends
at an obtuse angle with respect to the one of the faces.

8. The coil component according to claim 7, wherein the

first protrusion height 1s greater than the second protrusion

height.
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9. The coi1l component according to claim 1, wherein

the surface of at least one of the ends of the coil conductor
has an angle of less than approximately 90 degrees to
the central axis of a conducting wire of the coil con-
ductor. 5

10. The coi1l component according to claim 1, wherein

the exposed portion at the at least one of the ends has an

average depth 1n a range of approximately 1 to 80 um
from one of the faces of the magnetic body.

11. The coil component according to claim 1, wherein

an average protrusion height at which the at least one of

the ends protrudes outwardly from one of the faces 1s
in a range of approximately 0 to 80 um.

12. The coil component according to claim 2, wherein

the surface of at least one of the ends of the coil conductor

has an angle of less than approximately 90 degrees to 1°
the central axis of a conducting wire of the coil con-
ductor;

the exposed portion at the at least one of the ends has an

average depth 1n a range of approximately 1 to 80 um

from one of faces of the magnetic body; and 20
an average protrusion height at which the at least one of

the ends protrudes outwardly from the one of the faces

1s 1n a range of approximately 0 to 80 um.

13. The coil component according to claim 2, wherein the
metallic material forms a network structure on the faces of ,5
the magnetic body on which the outer electrodes are dis-
posed.

14. The coil component according to claim 2, wherein the
faces of the magnetic body on which the outer electrodes are
disposed are treated by laser irradiation.

15. The coil component according to claim 2, wherein the
outer electrodes are monolayer or multilayer plating layers.
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